This report discusses a statewide survey of irrigation methods conducted in California during 2002. The purpose of the study was to collect information on irrigation methods to determine which methods were used by growers to irrigate their crops in 2001. Reliable information on irrigation methods is an important factor for planning future water demand by agriculture irrigation based on trends. To conduct the survey, one-page survey form was developed to collect irrigated land (acres) by crop and irrigation method. Then a questionnaire was mailed out to 10,000 of the estimated 80,000 growers in California by the California Department of Food and Agriculture. The results from comparing earlier studies with 2001 indicated that the amount of land irrigated by drip irrigation method has increased by about 33%, while the amount of land irrigated by surface methods has decreased by about 31%. The area planted to orchards and vineyards has increased, while that planted to field crops has declined. The largest increase in sprinkler use has been in vegetable crops, an increase of 19% since 1972. The 1991 and 2001 statewide surveys exclude rice acreage.
Introduction
The application of water to soils for crop use is referred to as irrigation. Surface (gravity-driven surface irrigation), sprinkler, drip/micro, and sub-surface are types of irrigation methods that are used by growers to irrigate various crops in the state. The irrigation methods that growers use to apply water may affect the salt accumulation in the crop root zone (leaching), plant transpiration, soil evaporation, and runoff from soil surface. Irrigation performance is commonly measured by how much of applied water beneficially used for crop production. Irrigation (application) efficiency or consumed fraction is an index used to quantify the efficient use of water diverted to a field by an irrigation system and is defined as the ratio of that quantity of water stored in the root zone, which can be used in evapotranspiration to the amount of applied water as a percentage. Distribution uniformity (DU) is also an important element in irrigation water use efficiencies. DU is the measure of the uniformity of irrigation water distribution over a field. The most appropriate irrigation method for an area depends upon physical site conditions, the crops being grown, amount of water available, and management skill. The water management decisions strongly influence how uniform water can be applied through different irrigation methods to provide optimal soil water conditions for crop growth and marketable yields. The main objectives are to avoid water stress, achieve high yields and protect water quality. Water losses from irrigation vary with the type of irrigation method. In the absence of a reliable irrigation system, the water application is often non-uniform and is generally over applied, resulting in excess runoff and deep percolation below the root zone. If part of the l 6 l P 1 P Staff land and water use scientist, California Department of Water Resources -Division of Planning and Loca Assistance, PO Box 942836, Sacramento, CA 94236-0001 P 2 P Biometeorologist, University of California, Atmospheric Science, Davis, CA 9561 P 3 P Senior land and water use scientist, California Department of Water Resources -Division of Planning and Loca Assistance, PO Box 942836, Sacramento, CA 94236-0001 field is over irrigated, the crop roots near the soil surface will be exposed to water that has salinity near that of the irrigation water rather than an average root zone soil salinity value. As a result, crop yields are generally more affected by the irrigation water salinity level than by the soil water salinity in the lower part of the root zone. However, the use of a proper irrigation method that fits the crop, water, and site conditions will ensure that losses are held to a minimum and subsequently, will result in high irrigation efficiency and distribution uniformity.
Runoff and deep percolation generally are greater for gravity systems than for well managed sprinkler and drip/micro irrigation methods. The combined losses of deep percolation and runoff for poor managed gravity irrigation system will lower consumed fraction and subsequently, will pollute the surface water and groundwater supplies. Sprinkler and drip/micro systems reduce runoff or deep percolation compared to gravity irrigation, because these type systems provide complete control over the amount of water applied to the field. As a result, water is distributed more uniformly within the intended root zone. Generally, more water is used with gravity and sprinkler irrigation on an annual basis than with drip/micro. According to the "Report on Evaporation from Irrigated Agricultural Land in California" by Charles Burt of CalPoly, gravity and sprinkler irrigation tends to wet larger fractions of the soil surface (0.6-1.0, or 60%-100%, of the soil surface is wet during a typical irrigation) than drip/micro systems. In addition, it is often difficult to control the application depth of irrigation water because of uniformity and scheduling constraints. Drip/micro has typical wetted fractions ranging from almost 0, for subsurface drip, to 0.8, for some micro spray on tree crops. A typical range for trees in California is 0.3-0.6 for surface drip/micro. Drip/micro is also considered to have more flexibility for irrigation scheduling. Water resources project planning requires reliable estimates of crop and irrigation system combinations, which are important components in a variety of water budget analysis. To update California's records on irrigation methods used within the state, a survey is conducted by the California Department of water Resources about every 10 years. The gathered survey data is analyzed and compared with earlier surveys to study how irrigation methods are changing and to make projections of future changes for long-term planning.
The purpose of this report is twofold; (1) to demonstrate the reliability of the 2001 irrigation survey results on the number and type of irrigation systems used in California and (2) to present the results of our study comparing the earlier estimates to the 2001 estimates. Reliable information of current irrigation methods by various crops is extremely important for the California Department of Water Resources for planning its future water demand by agriculture irrigation based on trends. The absence of reliable information can severely limit its usefulness for long-term water planning purposes.
Methodology
Approximately every 10 years one-page irrigation survey forms are mailed out to many growers throughout California to conduct a statewide survey to update California's records on irrigation methods. A statewide survey of current irrigation methods was conducted during 2002 to determine which irrigation methods were used in California during 2001. The 1991 was chosen as the base year to keep a 10-year period between this survey and the previous study done during 1972. Earlier surveys of irrigation methods had been conducted by Ian Stewart in 1972 and by Robert Hagan with California Department of Water Resources in 1980. In these studies, irrigated crop acreage was estimated by UC Cooperative Extension specialists and county farm advisors in each county. The 1991 and 2001 studies were conducted by mailing questionnaires to growers who were randomly selected from a list of growers. A list of 58,000 of the estimated 80,000 growers in California from the California Department of Food and Agriculture (CDFA) was used to determine the mailing list. All rice-only growers were excluded from the list. Since valid data on the rice acreage for any given year is available and the irrigation method is flooding, collecting this information was unnecessary. Non-irrigated farms and large livestock ranches were also excluded from the survey. Growers were asked to state the main county in which they farmed and the acreages they had planted during 2001 to each of 20 possible crops by irrigation method within that county. Number and types of crops used in 2001 survey are slightly different from those used in 1979, 1980, and 1991 . The 2001 survey of irrigation methods included a 20-crop category as opposed to 13-crop category used in 1991 survey. A list of crops used in 1972, 1980, 1991, and 2001 Figure 1 . Table 2 Percentage of statewide acreage reported for each crop was then calculated by each irrigation method. Table 3 illustrates the percentages of irrigated land by each of 20 crops and by four irrigation methods in 2001. 
Irrigation Methods
Irrigation methods are separated into four groups, surface (gravity), sprinkler, drip/micro, and subsurface. These types of irrigation methods are used by growers to irrigate their crops in the state.
Sub-Surface Irrigation
In sub-surface irrigation, underground pipe or open ditches are blocked to back up water and force it into a crop root zone.
Surface Irrigation
Surface irrigation includes wild flood, border, basin, furrow irrigation without sprinklers, wheel line sprinklers followed by furrow irrigation, and hand move sprinklers followed by furrow irrigation. Acres that are irrigated with both sprinklers and furrows are included under the surface irrigation column.
Sprinkler Irrigation
Sprinkler methods include solid set, hand move, linear move, wheel line, hose pull, and other types including center pivot, gun-type, etc.
Drip/Micro-Sprinkler Irrigation
Drip/micro-sprinkler irrigation includes surface and buried and micro-or mini-sprinklers.
The method used to separate irrigation methods into four groups in 2001 is slightly different from those used in 1991 study. Micro-or mini sprinklers are combined with surface and buried drip in 2001, while they were listed as sprinklers in 1991 study. To be consistent with 2001 estimates, micro sprinklers in 1991 were separated into surface and buried drip as done in 2001. Table 6 and 7 show the breakdown of irrigated land in percentage by each of 13 crops and four irrigation methods during 1991 and 2001. 
Results and Discussion
A comparison of early studies with those conducted in 2001 indicated that irrigated land planted to vineyards and orchards has increased, while the percentage of land planted by field crops has decreased. 1972 1980 1991 2001 As it is evident from the table and figure, the percentage of land area planted to orchard has increased from about 15% to 31% and acreages planted by vineyard has increased from about 6% to 16%, while the amount of land planted by field crops has decreased from about 67% to 42% since 1972.
Crop Categories Percentage of Irrigated Acres by Four Crop Categories

Vineyard
To validate the information of the irrigation survey conducted in 2001, we compared 2001 estimates to the 1972, 1980, and 1991 estimates to see if a shift toward drip/micro irrigation method is a positive trend for orchards and vineyards. To increase the benefits from more precise water application to soils for crop use, it is expected to see a shift from sprinkler and gravity irrigation toward drip/micro by growers. Drip/micro irrigation allows growers to distribute water more uniformly within the intended root zone than sprinkler and gravity irrigation. Table 11 shows the percentage of irrigated land by irrigation methods for 1972, 1980, 1991, and 2001 . We used the information in Table 11 to see if there is a consistent trend in shifting irrigation methods from gravity to drip/micro between 1972 and 2001. The results confirm the trend of decreased acreage in gravity and the increased acreage in drip/micro irrigation from 1972 to 2001. The comparison demonstrates that the amount of land irrigated by gravity irrigation has declined from 80.5% in 1972 to about 49.6% in 2001, while the amount of land irrigated by micro/drip irrigation has increased from 0.3% to 32.9% over the period of the data sets. Although different methodologies were used to conduct these studies, results show a very consistent trend in the use of specific irrigation methods when plotted on a time series graph (Figure 3) . Since the 1972 and 1980 surveys were mainly based on farm advisors estimates rather than direct grower responses, there was no information available on data variability to determine changes in the use of irrigation methods. Using data from the seven surveys, non-linear trendlines of the percentage of land versus time were determined to evaluate changes in the usage of the irrigation methods from 1972 to 2001. Figure 3 shows the percentage of irrigated land by irrigation methods versus time and it shows trends in irrigation methods based on the information collected from variety of sources (e.g., decreasing use of gravity irrigation and increasing use of drip/micro irrigation). The results of this analysis confirm that the irrigation method survey conducted during 2001 is valid and reliable for long-range water planning in California. 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 20 Time ( 1972, 1980, 1991, and 2001 surveys. In the analysis of the 2001 survey, it was observed that gravity-driven surface irrigation methods were used to irrigate 83.5% of the field crops with an additional 12.4% irrigated by sprinkler methods. For the orchard crops, 63% were irrigated by drip irrigation methods and 20.3% irrigated using surface methods. Most of the vegetable crops were irrigated by gravity methods (42%) and 36% were irrigated by sprinkler methods. The majority of the vineyard crop land was irrigated by drip irrigation (70%) whereas 21% was irrigated by surface irrigation methods. The largest change in irrigation methods from 1972 to 2001 was the increase in drip irrigation, particularly in vineyard and orchard crops ( Figure  4 ). In 1972, 0.6% of the vineyard crops and 1.9% of the orchard crops were under drip irrigation. (Fig. 5) . It is important to note that the reduction in sprinklers in 2001 was due to a shift from sprinklers to drip because of changes in orchard and grapevine irrigation practices. The reductions in surface methods are due to the reductions in field crop acreages. The percentage of land area planted to orchard has increased from about 15% to 31% and acreages planted by vineyard has increased from about 6% to 16%, while the amount of land planted by fields crops has decreased from about 67% to 42% since 1972. (Table 12 and Figure 7 ). 
Conclusions
The results of 2001 survey demonstrate consistent trends in crop acreages as well as the irrigation methods used in the various crops based on the information collected from variety of sources. A decrease in use of surface irrigation and an increase in use of drip/micro irrigation have been observed. The largest increase in drip irrigation use occurred in orchards and vineyards. The largest increase in sprinkler use was in vegetable crops. The results of this survey seem to be consistent with the information collected from other sources on trends in crop acreage and irrigation methods.
